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Abstract. The increasing amount of renewable energy connected to distribution networks can increase the 

loading of some overhead lines (OHLs). In such situations, static line rating (SLR) may limit normal network 

operation and the evacuation of generated power. This paper investigates the application of dynamic line 

rating (DLR) in a medium-voltage distribution network with connected electricity producers. The analysis 

is performed based on steady-state simulations, in which the power generated by a photovoltaic (PV) power 

plant is kept constant, while the ampacity of the OHLs is calculated according to weather conditions. The 

meteorological data are real and obtained from the NASA POWER database for a region in southeastern 

Romania. The results show that the use of DLR reduces line loading and allows line capacity to be used 

more efficiently, without requiring changes to the network or a reduction in generated power. 

1 Introduction 

Integrating renewable energy sources into distribution 

networks increases the loading of some overhead lines 

(OHLs). In medium-voltage distribution networks, these 

lines may reach the thermal limit defined by the static 

line rating (SLR), which affects the power evacuation 

capability and the safe operation of the network [1]. 

In real network operation, the ampacity of OHLs is 

determined using the SLR method, based on fixed, 

standard meteorological conditions that represent a 

conservative, unfavorable scenario. This approach 

ensures safe operation but, in most cases, results in 

underutilization of the actual conductor capacity [2]. In 

distribution networks with photovoltaic generation, the 

static line rating may limit power evacuation [1]. 

Studies show that the use of dynamic line rating 

(DLR) can improve line capacity and reduce certain 

operational constraints, especially in transmission 

networks [2], [3]. More recent studies have extended the 

analysis of DLR to distribution networks, driven by the 

increasing loading of power lines and the growth of 

distributed generation, as this method can contribute to 

reducing network congestion and operational 

limitations [4], [5]. 

In this context, the application of DLR is analyzed 

on a medium-voltage distribution network, modeled for 

study purposes. The meteorological data used are real 

and are obtained from the NASA POWER database [6], 

corresponding to a region located in southeastern 

Romania. 

The power evacuated from the photovoltaic (PV) 

power plant is kept constant in all analyzed scenarios. 

This allows focusing on the effect of different ampacity 
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values based on meteorological conditions. Based on 

steady-state simulations, the impact of DLR 

implementation on the actual loading level of OHLs is 

analyzed, highlighting the benefits of using this method 

in distribution networks with connected electricity 

generation (PV). 

2 State of the art 

The use of DLR has been analyzed in several studies that 

outline the advantages of this method for power network 

operation. 

Reference [1] analyzes congestion issues in 

distribution networks with high levels of PV generation 

and electric vehicles. The results indicate that the use of 

SLR can limit network operation under certain 

conditions, pointing to the need for more flexible 

operating approaches. 

An overview of the main methods used for dynamic 

line ampacity assessment is provided in [3]. The study 

discusses the influence of ambient temperature, wind 

speed, and solar radiation on conductor temperature and, 

implicitly, on line ampacity, compared to SLR-based 

assumptions. 

In [4], DLR is considered part of the distributed 

energy resource planning process. The study 

demonstrates that the application of DLR can reduce the 

need for additional network investments by enabling a 

need for additional network investments by enabling a 

more efficient utilization of existing power line 

capacity. 

The use of DLR as a solution for congestion 

management in distribution networks is analyzed in [5].  
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The study shows that using real meteorological 

conditions can reduce operational constraints on power 

lines and improve the utilization of power line capacity, 

particularly in networks with distributed generation. 

Several DLR methods based on conductor 

temperature estimation are analyzed in [7]. The study 

investigates the impact of measurement errors in 

meteorological parameters on the results and shows that 

the sensitivity to these errors varies from one method to 

another, which is an important aspect for operational 

safety. 

Most existing studies focus on DLR at the 

transmission network level, while applications in 

distribution networks are less frequently addressed. In 

this context, the present paper investigates the 

application of DLR in a distribution network using a 

simple approach and real meteorological data. 

3 Methodology 

DLR is a method used to improve the utilization of the 

transmission capacity of OHLs, applied in both 

transmission and distribution networks. Unlike classical 

methods, which rely on fixed values of allowable 

current, DLR allows the determination of line ampacity 

based on actual environmental conditions [3]. Thus, line 

capacity depends on parameters such as ambient (air) 

temperature, wind speed, and solar radiation. 

An important advantage of using DLR is that it 

allows a better utilization of line capacity when 

environmental conditions are favorable, without 

compromising operational safety. By adapting line 

ampacity to actual operating conditions, network 

congestion and existing operational limitations can be 

reduced, which may lead to the deferral of certain 

additional infrastructure investments. Moreover, DLR 

provides increased operational flexibility, as operating 

limits can be adjusted according to the actual operating 

conditions [3], [5]. 

On the other hand, the use of DLR also presents 

certain limitations. The obtained results depend on the 

accuracy of the meteorological data used, particularly 

wind-related parameters, which can vary significantly. 

In addition, the practical implementation of DLR may 

require additional measurement equipment, as well as its 

integration into existing monitoring and control systems 

of power networks [7]. 

Within this study, the determination of dynamic line 

ampacity was performed based on IEEE Standard 738 – 

IEEE Standard for Calculating the Current–

Temperature Relationship of Bare Overhead 

Conductors [8], which describes the methodology for 

calculating the maximum ampacity of OHL under 

steady-state conditions. According to this standard, the 

ampacity is determined based on the thermal balance of 

the conductor, the general equation being expressed as: 

 

𝐼 = √
𝑞𝑐+𝑞𝑟−𝑞𝑠

𝑅(𝑇avg)
                                    (1) 

 

Where 𝑞𝑐 represents the heat losses due to 

convection, 𝑞𝑟 the heat losses due to radiation, 𝑞𝑠 the 

heat gain due to solar radiation and 𝑅(𝑇𝑎𝑣𝑔) represents 

the electrical resistance of the conductor evaluated at the 

average conductor temperature [8]. 

IEEE Standard 738 is widely used in studies 

applying DLR, both for transmission and distribution 

networks, as it is easy to implement and allows the use 

of real meteorological data. By keeping the maximum 

allowable conductor temperature constant and varying 

the meteorological parameters, their influence on line 

ampacity can be analyzed and the obtained values can 

be compared with those corresponding to SLR [8]. 

The presentation of DLR principles and of the 

ampacity calculation method provides the theoretical 

basis required for the analysis presented in the following 

sections. Based on these aspects, the application of DLR 

in a medium-voltage distribution network is further 

analyzed, in order to assess how the use of DLR 

influences the ampacity of OHLs under conditions of 

PV generation integration. 

4 Case study 

This chapter presents the case study used for the DLR 

analysis in a medium-voltage distribution network. The 

analyzed network, the meteorological data, and the 

criteria used for defining the scenarios are described, 

with particular attention given to the impact of 

photovoltaic (PV) generation. 

4.1 Description of the analyzed network 

The analyzed grid is a 20 kV medium-voltage 

distribution network used for both supplying consumers 

and collecting power from a photovoltaic plant.  

In this network, the overhead line sections made of 

ACSR conductors are the main elements that limit the 

thermal capacity. The study focuses on two specific 

sections (OHL_5 and OHL_6) with a 50 mm² cross-

section (OL-AL 3×50 mm²), which are very common in 

distribution networks. For the static scenario (SLR_S0), 

the ampacity of the line is 175 A, and this value is used 

as a reference for the entire analysis. The modeled 

network used for the steady-state simulations is shown 

in Figure 1. 

4.2 Input data and calculation assumptions 

The calculation of the OHL ampacity and the steady 

state simulations were performed using the same set of 

input data and calculation assumptions for all analyzed 

scenarios. The steady-state power flow simulations were 

carried out using Paladin DesignBase, a power system 

analysis software. The software was used to perform 

steady-state power flow calculations and to determine 

current flows and line loading levels for all analyzed 

scenarios. 

The input data include the conductor parameters and 

the meteorological conditions used to determine the 

ampacity of the lines. The electrical parameters were 

taken from the technical datasheet and are summarized 

in Table 1. 
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Fig. 1. Schematic of the analyzed distribution network 

 

Table 1.  Conductor parameters used in analysis 

Parameter Value 

Conductor type 
ACSR (OL-AL 

3×50 mm²) 

Cross-sectional area (mm²) 50 

Outer diameter (mm) 9.6 

DC resistance at 20 °C (Ω/km) 0.594 

Emissivity coefficient (–) 0.6 

Solar absorptivity, α (–) 0.7 

Maximum conductor 

temperature (°C) 
70 

 

The determination of the dynamic ampacity for 

OHLs is based on meteorological data. In this study, 

ambient temperature, global solar radiation, and wind 

speed were considered, as these parameters directly 

influence the heating and cooling of the conductor. The 

values were selected for a representative area in 

southeastern Romania and are presented for each 

scenario in Table 2. 

In the ampacity calculations, the wind direction was 

assumed perpendicular to the conductor axis, 

corresponding to a favorable cooling condition. This 

assumption was applied in all analyzed scenarios. The 

ampacity was determined by keeping the maximum 

conductor temperature constant at 70 °C. 

To get results closer to real operating conditions, 

steady-state simulations were performed at a voltage 

level of 20.8 kV (1.04 p.u.). 

4.3 Analyzed scenarios 

To evaluate the DLR method for the analyzed OHL, 

several summer operating scenarios were defined. These 

scenarios allow a comparison between static and 

dynamic operation, showing how meteorological 

conditions directly influence the loading capacity of the 

lines. 

The analysis includes a reference scenario and 

several DLR scenarios. The reference scenario uses the 

static summer ampacity to highlight the limitations of 

the static approach, especially during periods of 

maximum PV generation. The results obtained in this 

scenario serve as a baseline for evaluating the benefits 

of the DLR method. 

The DLR scenarios are based on real summer 

meteorological data, where air temperature, wind speed, 

and solar radiation influence the line ampacity. The 

conditions corresponding to each scenario are 

summarized in Table 2. 
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Table 2. Meteorological conditions for the analyzed DLR 

scenarios 

Scenario 

Air 

temp. 
Wind 

speed 

(m/s) 

Solar 

radiation 

(W/m²) 

Time of 

day  
(°C) 

DLR_S1 30.69 0.48 761 2:00 [PM] 

DLR_S2 39.68 0.64 839 11:00 [AM]  

DLR_S3 35.43 1.13 815 10:00 [AM] 

DLR_S4 41.26 1.64 826 1:00 [PM] 

 

The defined scenarios aim to: 

• compare the loading of critical line sections under 

both static and dynamic conditions;  

• show how meteorological conditions directly affect 

the loading of the lines. 

4.4 Simulation results 

This section presents the results of the steady-state 

simulations for the static summer scenario and the DLR 

scenarios, which correspond to different times of the day 

and distinct weather conditions. The goal of this analysis 

is to show how these conditions influence the ampacity 

and the loading of the line sections, focusing on the 

critical sections OHL_5 and OHL_6. 

In the reference scenario (SLR_S0), the simulation 

results show that the limits are exceeded for the analyzed 

sections. As shown in Table 3, the loading of OHL_5 

and OHL_6 exceeds 100%, leading to thermal overload 

of the conductor. 

Table 3. Results under static summer rating 

Scenario 
Line 

section 

Ampacity 

rating SLR 

(A) 

Loading 

(%) 

SLR_S0 
OHL_5 175 102.6 

OHL_6 175 103.7 

 

Exceeding of the static ampacity highlights that, 

during peak photovoltaic generation, the OHLs may 

limit the operation of the distribution network. In this 

context, applying the DLR method allows the 

conductor’s ampacity to be adjusted based on real 

meteorological conditions, leading to a more efficient 

network operation. 

The DLR method results in different ampacity 

values depending on the weather conditions analyzed. 

As shown in Figure 2, the ampacity obtained using the 

DLR method varies from one scenario to another, 

according to the specific meteorological parameters. 

 

Fig. 2. Dynamic ampacity variation over time based on 

meteorological conditions 

The ampacity values determined using the DLR 

method and the corresponding loading levels for the 

analyzed scenarios are summarized in Table 4. 

Table 4. DLR results for the analyzed line sections 

Scenario 
Line 

section 

Ampacity rating 

DLR (A) 

Loading 

(%) 

DLR_S1 
OHL_5 

200.09 
89.79 

OHL_6 90.74 

DLR_S2 
OHL_5 

183.48 
97.88 

OHL_6 98.91 

DLR_S3 
OHL_5 

228.96 
78.44 

OHL_6 79.26 

DLR_S4 
OHL_5 

226.99 
79.11 

OHL_6 79.95 

The DLR_S1 and DLR_S2 scenarios represent less 

favorable weather conditions, with low wind speeds that 

limit the convective cooling of the conductor. In these 

cases, the increase in ampacity compared to the static 

scenario is moderate (about 4.6–14.3%), and the loading 

level of the lines remains relatively high. 

In contrast, scenarios DLR_S3 and DLR_S4 

correspond to more favorable weather conditions, 

mainly due to higher wind speeds. This results in more 

efficient cooling and higher ampacity values. In these 

scenarios, the dynamic ampacity is approximately 30% 

higher than the static value, significantly reducing the 

loading of sections OHL_5 and OHL_6 and keeping 

them below the allowable limits.  

The comparison shows that, in the most favorable 

dynamic scenarios (S3 and S4), the loading of the 

critical sections OHL_5 and OHL_6 is much lower, with 

the lines operating safely below the thermal limit, as 

illustrated in Figure 3, which presents their loading 

levels under the analyzed DLR scenarios. 

While the benefits are limited under low wind speed 

conditions, the ampacity increases significantly as wind 

speed rises, leading to a clear reduction in line loading. 

In the most favorable scenario analyzed, the loading 

level decreases below 80%. Even under less favorable 

conditions, the DLR method keeps the lines operating 

within safe limits. 
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Fig. 3. Loading level of OHL_5 and OHL_6 under DLR 

scenarios 

Comparing the results from the SLR and DLR 

scenarios highlights the advantages of using DLR in 

distribution networks. Applying this method eliminates 

the overloads observed in the static summer scenario 

and allows a more efficient use of the overhead line 

capacity. 

5 Conclusions 

This paper analyzes the application of the DLR method 

for OHLs in a medium-voltage distribution network 

with connected PV generation. The case study shows 

that, in the static summer scenario (SLR_S0), the 

analyzed line sections exceed the allowable loading 

limit. This situation can lead to operational issues in the 

distribution network. 

The results for the DLR scenarios show that 

adjusting the line ampacity based on meteorological 

conditions reduces the loading of OHLs. As a result, the 

critical sections operate below the allowable ampacity, 

and the overloads observed in the static scenario are 

eliminated. 

Under favorable meteorological conditions, the line 

loading decreases significantly. In less favorable 

scenarios, the network can still operate safely, even 

when the allowable ampacity. 

Overall, the results show that using the DLR method  

improves the safe operation of OHLs and helps reduce 

congestion on existing lines. In addition, DLR supports 

the integration of photovoltaic generation and allows 

more efficient use of the existing distribution network 

infrastructure. 
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